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[57]  ABSTRACT _
The compounds of the general formula (I)
D

(B_)MIRZ -

are particularly highly suitable as components of smec-
tic, liquid-crystal mixtures, the symbols having the fol-
lowing meaning: R1and R2denote identical or different,

straight-chain or branched alkyl or alkenyl groups
‘which can contain asymmetric carbon atoms, contain-

ing 2 to 16 carbon atoms, in which one or more non-

“adjacent —CHj— groups can be replaced by —O—

and/or —S—, —A and —B each denote group

CH>O or @ OCH»

in which the radicals R, R, in each case, are situated at
the phenylene part of —A, —B and m and n denote 0 or
1, but m+n is always zero or 1.

S Claims, 1 Drawing Sheet
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USE OF LIQUID-CRYSTAL
5-PHENYLPYRIMIDINE DERIVATIVES AS
COMPONENTS OF SMECTIC LIQUID-CRYSTAL
MIXTURES

- This application is a continuation of application Ser.
No. 171,565, filed Mar. 22, 1988 now abandoned.

Liquid crystals have, particularly in the last decade,

been introduced into a wide range of technical fields in

which electrooptical and display device properties are

in demand (for example in watch, pocket-calculator and
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typewriter displays). These display devices are based on

the effects of dielectric alignment in the nematic, cho-
lesteric and/or smectic phases of liquid-crystal com-
pounds, the molecular longitudinal axis of the com-
pounds, due to the dielectric anisotropy, adopting a
preferred alignment in an applied electrical field. The
usual switching times in these display devices are rather

too slow for many other potential areas of application of 20

liquid crystals, which are per se highly promising chem-
ical compounds for industry due to their unique proper-
ties. This disadvantage is particularly noticeable if it is
necessary to address a large number of image points,
which means that the production costs of instruments
containing relatively large areas, such as video equip-
ment, oscillographs or TV, radar, EDP or word proces-
sor screens, would be too high.

Besides the nematic and cholesteric liquid crystalis,
ferroelectric, smectic liquid-crystal phases have in the

last few years become increasingly important.
Clark and Lagerwall have been able to show that the

use of such liquid-crystal systems in very thin cells leads
to optoelectric switching or display elements which,
compared to conventional TN (“twisted nematic’’) cells

have switching times which are faster by a factor of

about 1,000 (cf. for example Lagerwall et al. “Ferro-
electric Liquid Crystals for Displays”, SID Symposium,
- October Meeting 1985, San Diego, Calif., USA). As a
consequence of these and other favorable properties, for
example the possibility of bistable switching and the
contrast which is virtually independent of the view
angle, FL.Cs are generally highly suitable for the above
mentioned areas of application, for example via matrix
addressing.

For practical use of ferroelectric liquid crystals in
optoelectric displays, chiral, tilted smectic phases, for
example S.* phases, are required (R. B. Meyer, L. Lié

bert, L. Strzelecki and P. Keller, J. Physique 36, L-69

(1975)), which are stable over a large temperature
range.

This goal can be achieved using compounds which
themselves form chiral smectic phases, for example S.*
phases or, on the other hand, by doping non-chiral
compounds which form tilted smectic phases with opti-
cally active compounds (M. Brunet, Cl. Williams, Ann.
Phys. 3, 237 (1978)). '

Therefore, there is a demand for compounds which
form smectic phases and by means of which mixtures
forming smectic, in particular S; or S;* phases, can be
prepared.

A great disadvantage of most currently available
substances forming tilted smectic phases, in addition to
the phase range limited in terms of temperature, is a low
chemical, thermal or photochemical stability and a
large positive dielectric anisotropy which is unfavor-
able for most applications.
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It has now been found that compounds which are

particularly well suited as componernts of smectic, lig-
uid-crystalline mixtures are those of the general formula

(I) |

. N (I
R‘(-M;;;—(@—@‘(B—)mkz -
N .

the symbols having the following meanings: |
R!and R2denote identical or different, straight-chain
or branched alkyl or alkenyl groups which can
contain asymmetric carbon atoms, containing 2 to
16 carbon atoms, in which one or more non-adja-
cent —CHj-groups can be replaced by —O— and-
/or —S—, |
—A and —B -each denote

in which the radicals R1, R2, in each case, are situ-
ated at the phenylene part of —A, —B and

m and n denote O or 1, but m+n is always zero or 1.
These compounds have a high chemical, thermal and

photochemical stability. In addition, they have a nega-

tive or only a slight positive dielectric anisotropy (cf.

- Examples 1 to 3). Therefore, the dielectric properties of
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mixtures are favorably affected by components of the
formula (I).

Moreover, chiral compounds of formula (I) also have
a positive effect on the ferroelectric properties of the
mixtures containing them, since they themselves al-
ready have good ferroelectric properties (Examples 1

.and 8). | |

Particular preference is given to compounds of for-
mula (I) having the special form (II)

N @D

()

N

OR4

in which X has the meaning of —O, —S or denotes a
single bond and R3, R4 each denotes identical or differ-
ent, straight-chain or branched alkyl or alkenyl groups
(including groups with or without asymmetric carbon
atoms) having 7 to 14 carbon atoms.

Incidentally, it has been found that compounds of
formula (II) form liquid-crystal S; or S¢* phases. To a
large extent, they even have, in terms of temperature,
very broad and predominantly favorable S, or S.*
ranges, that is ranges which are located at relatively low
temperatures. This finding is the more surprising, since,
based on common knowledge (for example *Fliissige
Kristalle in Tabellen” (Liquid crystals in tables), VEB
Deutscher Verlag fir Grundstoffindustrie, Leipzig,
Volume I (1974), Volume II (1984)), the appearance of
Scor S.* phases was not to be expected in compounds of
formula (I) or (II).

Moreover, the compounds of formula (II) also have
in many cases a S4 phase in addition to the S, or S *
phase which is very advantageous for their use. Com-
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pounds of formula (II) are therefore preferred compo-
‘'nents of chiral, smectic C phases (S¢*).

Preference is further given to compounds of formula

(I) having n=1 or m==1. Most of these compounds have
Sc or Sc* phases and are suitable as mixing components
in particular for expanding the S;or S.* range to higher
~ temperatures in combination with an advantageous
effect on the dielectric behavior of the mixture.

It is particularly preferred to use compounds of for-
mula (II) in S.or S.* mixtures together with compounds
of the known type

e

N

(1I)

ORS

in which X=—O0 or denotes a single bond and R, RS
are identical or different alkyl groups having 6 to 15
carbon atoms. |

This is because it has been found, quite surprisingly,
that the combined use of compounds of formula (IT) and
formula (III) can lead to an expansion of the S; or Sc*
phase not only to lower but also to higher temperatures

_ (induced S, cf. Example 3). This behavior is extremely

unusual and advantageous for use.

- The preparation of the compounds to be used accord-

ing to this invention has been described in DE-A
3,709,618.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 represents the binary phase diagram of com-

pound A, (8)-2-octylthio-5-[4-(6-methyloctyloxy)phe-

nyl] pyrimidine, admixed with compound B, 5-octyl-2-.

(4-octyloxyphenyl) pyrimidine, plotting temperature
versus mole %.
The following examples are intended to illustrate the

invention.

EXAMPLE 1

(S)-2-Octylthio-5-[4-(6-methyloctyloxy)phenyl]-
pyrimidine has the phase sequence

o
K ; S*. 5584601
43 A
and at 40° C. a spontaneous polarization of 1.5 nC/cm?
and has a switching time of 200 us at an applied square

voltage of 10 V4/um. The tilting angle at this tempera-
ture is 25° and the dielectric anisotropy at 10 kHZ is

Ae=—0.6. |
EXAMPLE 2
(S)-2-Octyloxy-5-[4-(6-methyloctyloxy)phenyl]-
pyrimidine has the phase sequence
K S*.78 54861
N

and the dielectricity constants €” (homeotropic orienta-
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EXAMPLE 3

2-Octyloxy-5- (Loctyloxyphenyl)pynmdme has the
phase sequence |

55
e
K (Sp69) S4 99 1
T

and the dielectricity constants parallel and perpendicu-
lar to the director (10 kHz, 75° C.) €"=3.79,
€l =3.9—-A4e=—0.11.

EXAMPLE 4
A mixture consisting of 50% of (S)-2-decylthio-5-[4-

- (6-methyloctyloxy)phenyl]pyrimidine 50% of (S)-2-
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tion) and el (planar orientation) at 10 kFz and 75° C.: |

€'=3.5, el =3.8—-Ae=—0.3.

octylthio~5-[4-(6-methyloctyloxy)phenyl]pyrimidine
has the following phase sequence: |

K 17 S.,*5354*581

EXAMPLE 5

A mixture consisting of |
30% of 5-decyl-2-(4-decyloxyphenyl)pyrimidine
55% of 5-octyl-2-(4-octyloxyphenyl)pyrimidine
10% of 5-decyl-2-(4-octyloxyphenyl)pyrimidine

5% of 2-octyloxy-5-[4-(4-decyloxyphenyl)methyloxy-

phenyl]pyrimidine

can be undercooled up to +7° C. and has the phase

sequence S, 53 Sgand S471 1

EXAMPLE 6

A - mixture consisting of (S)-2-octylthio-5-[4-(6-
methyloctyloxy)phenyl]pyrimidine (A) and the com-
pound 5-octyl-2-(4-octyloxyphenyl)pyrimidine (B)
which is known from the literature (Flussige Kristalle in
Tabellen (Liquid crystals in tables), VEB Deutscher
Verlag fur Grundstoffindustrie, Leipzig, 1974) and is
not covered by formula (I), shows the following charac-
teristic:

The highly surprising and extremely advantageous
behavior upon mixing the two above mentioned sub-
stances can be seen from the binary phase diagram
(heating curves) in the figure: the S.* phase is expanded
not only to low but also to high temperatures. This
latter behavior has heretofore not been described be-

fore.

EXAMPLE 7

A mixture consisting of -

80% of (S)-2-heptylthio-5- [4-(6-methylocty10xy)
phenyl]pyrimidine

20% - of  (S)-2-nonyloxy-5-[4-(6-methyloctyloxy)-
phenyl]pyrimidine

can be undercooled to less than —20° C. and has the

phase sequence.

SF-3Sr17 S.* 57 5464 1
EXAMPLE 8

A mixture consisting of

45%  of (S)-2-decy1th10-5 [4-(6-methyloctyloxy)-
phenyl]pyrimidine

45% of (S)-2-octylthio-5-[4-(6-methyloctyloxy)phenyl]-
pyrimidine

10% of (R)-2-methylpropyl N-4-(4-octyloxybenzoylox-
y)benzoyl-(S)-prolinate



S

has a S;* phase in the range from 10° C. t0 42° C.and a
spontaneous polarization of + 30 nC/cm? at 25° C. and
has a switching time in the SSFLC display of 45 ps at an
applied square voltage of 10 V4/um.

EXAMPLE 9

A mixture consisting of

40%  of (S)-2-decylthio-5-[4—(6-methyloctyloxy)-
phenyl]pyrimidine |

40% of (S)-2-octylthio-3- [4-(6-methyloctyloxy)phenyl]
pyrimidine

2% of 5-undecyl-2-(4-decyloxyphenyl)pyrimidine

2% of 5-decyl-2-(4-octyloxyphenyl)pyrimidine

5.5% of 5-decyl-2-(4-decyloxyphenyDpyrimidine

10.5% of 5-octyl-2-(4-octyloxyphenyl)pyrimidine

has a melting point of 5° C. and has a phase sequence of

SP* 18 S.* 58 S4621
EXAMPLE 10

A mixture consisting of

1.3% of (S)-2-(4-decyloxybenzyloxy)- 5 [4—(6—methyloc-
tyloxy)phenyl]pyrimidine

39.5% of 4-(4-methylhexyloxy)phenyl (R,S)-4-decylox-
ybenzoate

32.6% of 5-octy1-2-(mtyloxyphenyl)pynmldme

16% of 5-decyl-2-(4-decyloxyphenyl)pyrimidine

10.6% of S-decy1-2-(4—octyloxypheny1)pynm1dme

has the phase sequence

K3S*62S468 N*691
We claim:

4,906,401
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1. Smectic, liquid-crystal mixtures, comprising com-
pounds of the formula (I) |

N M

(O

N

" in which X is a single bond, —O or —S, and R3 and R4
are identical or different, straight-chain or branched
alkyl groups having 7 to 14 carbon atoms which can
contain asymmetric carbon atoms.

2. Mixtures as claimed in claim 1, having chiral, smec-
tic liqmd-crystal phases.

3. Mixtures as claimed in claim 1, having chiral, tllted
smetic liquid-crystal phases. |

4. Mixtures as claimed in claim 1, having chiral,
smetic C phases (S¢*).

5. Smectic, liquid-crystal mixtures having S, or S;*
phases comprising a combination of compounds of for-
mula (I) as claimed in claim 1 with compounds of the

formula (1II),

e

N

(II)

OR®

in which X is a single bond or —Q, and R5 and R are
identical or different alkyl groups having 6 to 15 carbon

atoms.
x x x - *x
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